The cascaded moving k-means and fuzzy c-means clustering algorithms for unsupervised segmentation of malaria images AIP Conf. Proc. 1660, 070111 (2015) Abstract. Colour image segmentation has becoming more popular for computer vision due to its important process in most medical analysis tasks. This paper proposes comparison between different colour components of RGB(red, green, blue) and HSI (hue, saturation, intensity) colour models that will be used in order to segment the acute leukemia images. First, partial contrast stretching is applied on leukemia images to increase the visual aspect of the blast cells. Then, an unsupervised moving k-means clustering algorithm is applied on the various colour components of RGB and HSI colour models for the purpose of segmentation of blast cells from the red blood cells and background regions in leukemia image. Different colour components of RGB and HSI colour models have been analyzed in order to identify the colour component that can give the good segmentation performance. The segmented images are then processed using median filter and region growing technique to reduce noise and smooth the images. The results show that segmentation using saturation component of HSI colour model has proven to be the best in segmenting nucleus of the blast cells in acute leukemia image as compared to the other colour components of RGB and HSI colour models.
INTRODUCTION
Leukemia is a cancer of white blood cells, which is unable to fight infection and it basically develops in the bone marrow. According to the French-American-British (FAB), acute leukemia can be classified into two types based on morphological characteristics of the leukemic cells: Acute Lymphoblastic Leukemia (ALL) and Acute Myelogenous Leukemia (AML) [1] . Acute leukemia is a rapidly progressing disease that affects mostly cells that are not yet fully differentiated or developed, with most of the patients are young children and adults, especially those aged 65 years and older [1] . The survival rates vary by age: 85% in children and 50% in adults [2] . In contrast, AML occurs more commonly in adults than in children, and more commonly in men than women. The five-year survival rate is 40% [3] . In order to diagnose leukemia, a number of new methods have been developed in recent years. These include the use of fluorescent microscopy, polymerase chain reaction (PCR), cytochemistry, cytogenetic and molecular study -based techniques that detect specific nucleic acid sequences [4] . Despite these advances, light microscopy remains the golden standard.
Vast employment of specialist and laboratory technicians are also required to help in interpreting large collection size of images. Expenditure to train the laboratories technicians will cost a great deal of money due to few specialists available. Another drawback of microscopic examination is the subjectivity in human perception, meaning that different people may see and interpret things differently which might lead to misdiagnosis. This technique is labor intensive and time-consuming [4] . Therefore, there is an urgent need to overcome all of these problems. Image processing method is one of the most important steps in preparing a way for a successful implementation of existing technologies for leukemia diagnosis.
The most critical step in image processing is the segmentation of the image. The main purpose of segmentation is to separate the image into regions that are meaningful and easier to analyze [5] . Many segmentation methods have been proposed to segment blood cell [6] [7] . The common segmentation techniques used in cell segmentation are edge detection, region growing, histogram thresholding and clustering algorithm. Most works proposed the used of gray level image processing techniques to extract the blood cell features.
Jianhua et. al [6] stated that segmentation of blood cell using edge detection may result in poor segmentation as not all boundaries are sharp and clearly seen. They developed an iterative Otsu's approach based on circular histogram for the leukocyte segmentation. Otsu's approach is generalized on the base of least square method. Stanislaw et.al [8] has presented the image processing approach to the recognition and classification of the leukemia cells. The important points of this approach are the segmentation of the image of bone marrow aspirate using watershed algorithm, the extraction of individual cells from the image, automatic generation of different features of the cell, assessment of the feature quality of the cells using analysis of distribution, correlation and principal component analysis, application of support vector machine for final recognition and classification of cells.
Wang et. al [9] has presented a novel cell detection method that utilizes both intensity and shape information of cell to improve the segmentation. First, cell shape information is obtained with binarization process. Second, both intensity and shape information is used for local maxima generation. Finally, the pixels of nuclei are allowed to move inside the gradient vector field and the pixels will ultimately converge at these local maxima and the detected cells are then segmented via seeded watershed algorithm.
Kumar et. al [10] discussed on colour image segmentation as colour provide a better description (information) compared to gray scale images. In fact, the actual screening process by haematologists that is carried out on stained slide is based on colour and size of blast. Salihah et. al [11] discussed on image segmentation technique using thresholding. There are the three contrast enhancement techniques which are partial contrast, bright stretching and dark stretching were used to improve the image quality. In the second phase, image segmentation using thresholding based on HSI colour space is proposed. Thus the current study proposed a combination between partial contrast stretching (PCS) and an unsupervised clustering method using moving k-mean clustering algorithm. Different colour components of RGB and HSI colour models were analyzed to identify colour component that can give significant segmentation performance.
METHODOLOGY
The methodology for the proposed segmentation method for acute leukemia images are shown as below:
Original leukemia image Segmented Blast 
Image Acquisition
The acute leukemia slides were obtained from Haematology Department, Hospital Universiti Sains Malaysia (HUSM), Kelantan. 100 samples images of leukemia slides were acquired using the Luminera Infinity 2 digital camera mounted on the Leica light microscope. The system captured 24-bit RGB images at a resolution of 800×600 pixels and they were saved in the bitmap (.bmp) file format. Figure 2 shows the samples of four captured images of acute leukemia cells. The digital images captured by the camera were analyzed under 40X magnification and verified by the haematologists to determine the appropriateness and type of the blood cell based on the microscopic details of features and contrast of individual cell. 
Contrast Enhancement Technique using Partial Contrast Stretching
Partial contrast stretching is a linear mapping function that is used to increase the contrast level and brightness level of the image. In this study, PCS technique was used to enhance the area of interest (i.e., blast cells) to ease the segmentation process. The formula for PCS is given as below [11] : By implementing this algorithm, the pixel within the range of minTH and maxTH was mapped to a new range and stretched to a wider range within NmaxTH and NminTH. The remaining pixels experience compression. Figure 3 illustrates the stretching and compression processes for partial contrast technique.
FIGURE 3. Partial Contrast Stretching Process

Conversion of RGB to HSI Colour Models
A colour can be represented by red, green and blue components. Unfortunately, the RGB is not suitable to describe colours in terms that are practical for human interpretation [11] . In this study, segmentation technique based on HSI colour model was used. The HSI colour model defines colour based on three features: hue, saturation and intensity [12] . The following equations were used to transform RGB to HSI colour model [12] .
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Segmentation using Moving k-Means Clustering Algorithm
Most commonly used techniques for automatic image segmentation are k-means clustering and fuzzy c-means clustering algorithms. However, both techniques do not always produce good result due to centre redundancy, dead centre and the centre trapped in local minima. Therefore, a modified k-means clustering called moving k-means clustering [12] will be implementing in this research. By referring to the resultant images in Figure 4 , the blast cells are the most highlighted and clearly are seen in saturation and intensity component images except for hue component. It would be difficult to segment the blast cell from the normal RBCs in case of using the hue component image due to the similar appearance between the blast cell and normal RBCs regions as shown in Figure 4 (b). In this study, the intensity and saturation components (from HSI colour model) and red, green and blue components (from RGB colour model) were selected to be segmented using MKM clustering.
Assume 
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Median Filter Algorithm
Median filter is a popular filtering technique as it can provide excellent noise reduction capabilities with considerably less blurring than linear smoothing filters of similar size. After completing the clustering process, the resultant clustering image was filtered by using 7 7 pixels median filter to improve the segmented images. The procedures for image filtering using median filter are describe as follows:
1. Read the input image. 2. Place a 7 7 neighbourhood Kernel around each pixel in the image. 3. Sort the neighbouring pixels according to the pixel value and the median value becomes the new value for the central pixel. 4. Move over the neighbourhood kernel to the next pixel in the image. 5. Repeat steps 2-4 are until all the pixels in the image being processed. 6. End.
Seeded Region Growing Area Extraction Algorithm
After the images were filtered, an automated seeded region growing technique called seeded region growing area extraction (SRGAE) was used to label and extract the size of region of interest. It can also be used to eliminate the unwanted regions which refer to non-blast through the region growing process. The procedures for SRGAE are described as follows [14] for. 7. If size of regions is less than 1000 pixels, the pixel value of that region is change to pixel value 255 (white colour same as background). 10. End.
RESULTS AND DISCUSSIONS
In this study, the comparisons between the HSI and RGB colour models that have been used as input images for MKM clustering have been conducted for recognizing the significance of applying each colour component for segmentation of leukemia image. There are two different types of acute leukemia images which are normal and dark images will be conduct in this paper as shown in Figures 5 (a), (b) and (c) , respectively. In order to recognize the significance of the enhancement techniques on morphological features of blood cells, the comparison between original image and after enhancement is needed. Figures 6 (a), (b) and (c) show the ALL-1, ALL-2 and ALL-3 images after implementing of PCS. The contrast of the nucleus, cytoplasm and background regions in each ALL image was found to significantly increase compared to their original image. 6 .Result of applying partial contrast stretching on acute leukemia image.
In this study, intensity and saturation components (from HSI colour model) and red, green and blue components (from RGB colour model) were used as input for MKM clustering. These five different colour components were used for the purpose of comparison. These colour components were extracted from PCS images and are shown in Figure 7 , Figure 8 and Figure 9 , respectively. Based on the resultant red, green and intensity components images as shown in image (a), (b), (c) and (e), respectively, the blasts cells appears darker compared to the RBC and background areas. In contrast, the blast cells appear as the brightest areas when saturation component was used while the blasts tend appear grey compared to RBC and background areas. 
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However, the images were clustered into three groups which were blast cell (white), RBCs (gray) and background (black) regions as shown in images (d), respectively ( Figures 10,11 and 12 ) when using saturation component. 
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CONCLUSION
Segmentation using various colour components and MKM clustering have been presented. In this study, comparison between RGB and HSI colour models has been make in order to analyze the significant of applying each colour components on segmenting the acute leukemia images. Based on the analysis that has been conducted, it is shown that segmentation using saturation component of HSI colour model has proven to be the best in segmenting nucleus of blast cells in acute leukemia compare to RGB colour model. This is because the saturation component contains the structure information of the white blood cells nucleus. Hence, the resultant images would furnish more useful information for further analysis by haematologist.
